Objective: To determine whether audiologic characteristics of unilateral hearing loss in children were associated with language, cognitive, or achievement scores. Study Design: Case-control study Setting: Pediatric otolaryngology ambulatory practice Patients: Cases (n = 109) were children aged 6 to 12 years with permanent unilateral hearing loss; controls (n = 95) were siblings with normal bilateral hearing. Interventions: Audiologic characteristics measured included side and severity of hearing loss and word recognition scores in quiet and in noise. Results: Children with unilateral hearing loss had worse verbal cognitive and oral language scores than children with normal hearing, but there were no differences in achievement scores. Children with profound unilateral hearing loss tended to have worse cognitive scores and had significantly lower oral language scores. Higher word recognition scores of the normal hearing ear in quiet were associated with higher cognitive, oral language, and reading achievement scores. Higher word recognition scores in noise were slightly correlated with higher oral language scores. Conclusion: As expected, children with unilateral hearing loss had worse language scores than their siblings with normal hearing, with trends toward worse cognitive scores. Children with profound unilateral hearing loss tended to have worse outcomes than children with normal hearing or less severe unilateral loss. However, there were no differences in outcomes between children with right or left unilateral hearing loss.
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In 1984, Bess and Tharpe (1) published a study of children with unilateral hearing loss (UHL) reporting ''more problems than previously supposed.'' Their seminal work challenged the widespread belief that no handicap would arise from UHL and spawned many other studies. Notably, other studies published before 1984 had also suggested that children with UHL might have problems in school (2, 3) and documented problems with sound localization (4, 5) .
The audiologic consequences of UHL are well documented. Lack of binaural input results in increased difficulty understanding speech in the setting of background noise (6) , conditions of favorable and unfavorable listening conditions (6, 7) , and difficulty with sound localization (1, 4, 8) . Studies in adults and children with UHL (7, 9) , including conductive UHL (10) , all show that deficits of binaural hearing negatively affect self-perceived quality of life and auditory function.
An increasing body of research suggests that UHL is a risk factor for speech-language delay. Infants, toddlers, and preschool children with UHL have delayed speech and language compared to age-appropriate norms (11Y13). Two small studies showed few differences between school-aged children with UHL and normal hearing (NH) (14, 15) , whereas a larger study found significant oral language deficits in children with UHL compared to NH siblings (16) . When 46 of the children with UHL in the latter study were followed up longitudinally, oral language scores improved significantly over time, but parent-or teacher-identified problems with school performance did not lessen (17) . Although UHL may have a significant negative impact on speech and language development in young children, the impact on adolescents is still uncertain.
Most of the extant literature regarding children with UHL have reported that a significant proportion have problems educationally. In the 1980s, 22% to 35% repeated at least 1 grade (compared to 2%Y3.5% for the public school population) and 12% to 41% received additional educational assistance (8, 18, 19) . During 1 academic year in Colorado, 36% of children with UHL were in individualized educational program/plans (13) . In several studies, teachers reported lower academic performance among children with UHL compared to NH (20Y22). Two studies reported lower verbal cognitive scores in children with UHL, especially those with right-sided and severe-to-profound UHL (1, 23) . Socioeconomic factors, such as maternal educational and family income level, also impact language scores in children with UHL (16) .
The mechanisms through which UHL affects school performance remain unclear but are thought to be related to impaired sound localization and binaural summation. Children with difficulty localizing sound may expend effort to locate the sound rather than to comprehend the spoken language. Loss of binaural summation may decrease incidental learning because background noise interferes with overheard speech. Severity of UHL may affect the quality and quantity of the auditory signal from the impaired ear and thus impair language development on a graduated scale. On the basis of theories of a ''right ear advantage,'' right-sided UHL would be associated with greater disadvantage in learning language compared to left-sided UHL (24) .
A systematic review of the literature showed that previous studies suffer from small sample sizes and few controls (25) . Variables related to child, family, and socioeconomic status are known to be strongly associated with speechlanguage outcomes and literacy (26Y28). The present study was designed to 1) incorporate larger sample size; 2) use rigorous, sibling controls to better account for family, parental, and socioeconomic factors that could affect educational outcomes; and 3) explore characteristics of the hearing loss itself that might affect outcomes. Our objective was to determine whether audiologic characteristics of UHL were associated with language, cognitive, or achievement scores. Specifically, was the side or severity of hearing loss or word recognition scores (WRSs) in quiet or noise associated with test scores? The implication of finding associations is that improving the audiologic performance of children with UHL might in turn improve their academic performance.
STUDY POPULATION AND METHODS
We conducted a case-control study of children with UHL compared to sibling controls with NH. Institutional review board approval through the Human Research Protection Office at Washington University School of Medicine was obtained before commencement of this study. All parent and child participants signed written informed consents and pediatric assents, respectively.
Participants
Children aged 6 to 12 years were recruited from the pediatric otolaryngology clinics at St. Louis Children's Hospital/ Washington University School of Medicine and several regional school districts.
Inclusion Criteria
Children were eligible if they had UHL, defined as an average threshold of any 3 consecutive frequencies (e.g., 500, 1,000, and 2,000 Hz; or 2,000, 4,000, and 6,000 Hz) Q30 dB hearing level (HL) in the affected ear. Normal hearing in the other ear was defined as a pure-tone average (PTA) threshold of 500, 1,000, and 2,000 Hz G 20 dB HL and threshold at 4,000 Hz G 30 dB. The hearing loss had to be considered ''permanent'' (i.e., no medical or surgical treatment planned that could bring hearing to normal levels before leaving elementary or primary school).
Exclusion Criteria
Children were excluded if they were not 6 to 12 years old at the time of assessment; had ongoing temporary or fluctuating conductive hearing loss, such as due to otitis media or tympanic membrane perforation; or had a medical diagnosis associated with known cognitive impairment (e.g., Down syndrome, congenital cytomegalovirus infection) or known cognitive impairment per parental report.
Siblings of children with UHL, 6 to 12 years of age at the time of assessment, were eligible to be control participants if they had NH in both ears and did not have any of the exclusion criteria listed above.
Research Procedures
Subject demographic information, parental socioeconomic data, subject concurrent and past medical history, and subject educational or school history were obtained through parental questionnaire and interview. Each child underwent a brief otolaryngologic examination, and occluding cerumen was removed before audiologic measures were obtained. The children then underwent audiologic, language, cognitive, and achievement testing with breaks as needed.
Characteristics of UHL and Audiologic Measures
Severity of hearing loss was categorized as follows: mild = PTA G 40 dB HL; moderate = PTA 40 to 69 dB HL; severe = PTA 70 to 89 dB HL; and profound = PTA Q90 dB HL. Word recognition scores using CID W-22 word lists were obtained in quiet and in noise. Word recognition scores in quiet were obtained monaurally through headphones at 40 dB sensation level relative to their PTA or at the participant's most comfortable loudness level if recruitment became a problem for those with more severe hearing impairments. Word recognition scores in noise were obtained at +5 and 0 dB signal-to-noise ratio (SNR) in the soundfield with an 8-talker speech babble. Words were presented through a speaker at 0 degrees azimuth, with 2 speakers presenting the noise at 30 degrees from midline on each side of the participant.
Standardized Outcomes Measures
Cognitive ability was measured using the Wechsler Abbreviated Scale of Intelligence (29) . It provides the 3 traditional verbal, performance, and full-scale IQ scores. Achievement was measured using the Wechsler Individual Achievement Test Y Second Edition Y Abbreviated (30) . It includes standardized scores for reading, math, and writing. Oral language skills were measured with the Oral Written and Language Scales (31) . The standardized subtests of Listening Comprehension, Oral Expression, and Oral Composite were measured. All scores were standardized for age, with a mean of 100 and standard deviation (SD) of 15.
Statistical Analysis
Descriptive statistics were obtained for each group and included means and SDs, medians and interquartile ranges, and frequency counts. Bivariate analyses examined the outcomes associated with patient demographic, baseline clinical, and audiologic variables. Student t test or 1-way analysis of variance was used for continuous variables. Correlations were tested with the Pearson r test. W 2 or Fisher exact tests were used for categorical variables. Bivariate analysis of other outcomes involved calculating the odds ratio and 95% confidence interval. A 2-tailed > level of 0.05 was considered statistically significant. A Bonferroni correction for each family of standardized outcomes was applied to adjust for multiple comparisons, decreasing the 2-tailed > level to 0.05/3 = 0.0167 for achievement and language and 0.05/7 = 0.007 for cognition. Statistical analysis was performed using SAS version 9.2 software (Cary, NC, USA).
RESULTS
A total of 109 children with UHL and 95 sibling controls with NH were recruited; 107 children with UHL and 94 controls completed testing for this study, except for 4 children with UHL and 4 controls who did not complete the language testing. The demographic and clinical characteristics of all recruited participants are summarized in Table 1 . The children with UHL were slightly younger than controls, spoke their first 2-word phrase later, and had a higher prevalence of head trauma. Otherwise, the groups were similar. Overall distribution of race and ethnicity approximated the distribution in the metropolitan area: 76% white, 16% black, 4% Asian, 0.5% American-Indian, 3% mixed or not stated, and 6% Hispanic or Latino. Level of maternal education was high overall; 44% of mothers had completed a bachelor's degree or higher, 35% had enrolled in some college or achieved an associate's degree, and 13% had graduated from high school or achieved a GED. Few mothers had not completed high school (7%). The majority (75.9%) came from families with incomes greater than 200% of the federal poverty level (FPL), while 9.4% were from families with incomes at 100% to 200% FPL, and 14.8% came from families with incomes at less than 100% of FPL. Table 2 summarizes the characteristics of the children with UHL in this study. Most had profound UHL, and slightly more right ears than the left ears were affected. Unilateral hearing loss was identified at a mean age of 4.6 years (SD, 2.6 yr); the mean duration of known hearing loss was 4.0 years (SD, 2.7 yr). Parents relayed that their children's hearing loss was congenital or hereditary in about one-third. ''Congenital/hereditary'' etiologies to which UHL was attributed included congenital cytomegalovirus infection, atresia of the external auditory canal, congenital cholesteatoma, malformations of the cochlea, and enlarged vestibular aqueduct. ''Other'' etiologies that parents shared included viral infections, a vaccination, and possibly autoimmune. Thirty-one children (28%) did not have any workup done for etiology; most of these children had never been evaluated by an otolaryngologist for their hearing loss. The most common diagnostic test done was computed tomography (CT) and/or magnetic resonance imaging (MRI) of the temporal bones.
We were able to review 73 computed tomographic scans and 24 magnetic resonance images, of which 34 (46%) computed tomographic scans and 8 (33%) magnetic resonance images were ''abnormal.'' The most common CT abnormality to which UHL was attributed was an enlarged or prominent vestibular aqueduct in 15 (20%), followed by 7 (10%) with a cochlear malformations, 4 (5%) with an ossicular abnormality, 3 (4%) with a transverse temporal bone fracture, 3 (4%) with atresia, and 3 (4%) with meningitis. Several children had more than 1 abnormal CT finding. The only MRI abnormality associated with hearing loss was an enlarged endolymphatic sac in 2 (8%) children. The other MRI abnormalities were sinus disease or T2 signal abnormalities. Table 3 summarizes the comparisons of WRS in quiet and in noise between children with UHL and NH and between children with right versus left UHL. Although WRS in quiet in the better hearing ear showed no difference, children with UHL had worse WRS in both noisy conditions compared to children with NH. Whereas children with right UHL had nearly identical WRS at +5 dB SNR to children with left UHL, they had better WRS at 0 dB SNR. Figure 1 shows the variation in WRS in noise according to the severity of hearing loss. There were no differences in WRS at +5 dB SNR. However, the WRS at 0 dB were statistically different based on severity of hearing loss (F 4 = 3.46, p = 0.0094), and post hoc analysis showed significant differences between NH and profound UHL only.
Audiologic Characteristics

Cognitive, Achievement, and Language Scores
The cognitive scores for each group are summarized in Table 4, while Table 5 shows the achievement scores and Table 6 shows the oral language scores. There were trends toward lower vocabulary, verbal, and full-scale IQ scores for children with UHL than for children with NH. When comparing the proportion of children whose scores were at least 1 SD below the mean (i.e., scores G 85), there was a trend toward more children with UHL having lower vocabulary and full-scale IQ scores. Unlike the cognitive Children with right-sided unilateral hearing loss (right UHL, n = 59) are also compared with children with left-sided unilateral hearing loss (left UHL, n = 49).
WRS indicates word recognition scores; SNR, signal-to-noise ratio.
scores, there were no significant differences in reading, math, or writing achievement scores between groups. In contrast to achievement scores, mean oral language scores were all significantly lower for children with UHL compared to children with NH. These language scores are similar to those reported before in a subset of this sample population (16) . Age of identification and duration of hearing loss were not associated with language, cognitive, or achievement scores (data not shown).
Association of Audiologic Characteristics and Standardized Scores
Cognitive, achievement, and language scores, compared based on severity of the UHL, showed a trend toward lower full-scale IQ scores with more severe UHL (F 4 = 1.96, p = 0.1028) but no difference in verbal or performance IQ. There were no significant differences in the reading, writing, or math achievement scores based on severity of UHL. In contrast, more severe UHL was associated with a trend toward lower listening comprehension scores (F 4 = 2.10, p = 0.0827) and significantly lower oral expression (F 4 = 3.00, p = 0.0198) and oral composite scores (F 4 = 3.35, p = 0.0112).
Word recognition scores in quiet, WRS in noise, and differences between the WRS at +5 and 0 dB SNR were correlated with the oral language, cognitive, and achievement scores. There were slight relationships between the WRS in quiet of the impaired ear and Oral Expression and Vocabulary t-score 29 (27) 15 (25) 14 (29) 11 (12) 0.008 0.670 Block t-score 23 (22) 13 (22) 10 (21) 15 (16) Children with right-sided unilateral hearing loss (right UHL, n = 59) are also compared with children with left-sided unilateral hearing loss (left UHL, n = 48). Standard scores for the 4 subscales (vocabulary, block design, similarities, and matrix) are normed to a mean = 50 and SD = 10. Standard scores for the 3 summed scores (verbal, performance, and full) range from 40 to 160 by age and grade, with mean = 100 and SD = 15.
WASI indicates Wechsler Abbreviated Scale of Intelligence. (25) 16 (27) 11 (23) 25 ( Because multiple factors affected the cognitive and language scores, we used multivariable linear regression to model the influence of UHL with other variables simultaneously. Table 7 shows that UHL continued to be a significant predictor of verbal and full IQ scores while controlling for maternal education level. Table 8 shows the effect of UHL on oral language scores while controlling for full IQ, age, and maternal educational level. Age was included because a longitudinal study of children with UHL showed increase in scores with time (17) . Unilateral hearing loss continued to be a significant predictor of oral expression and oral composite scores and trended toward significance for listening comprehension. Word recognition scores in quiet and noise were not independent predictors of any of the cognitive or language scores. The models shown in Table 8 explained 28% of the variance in scores for listening comprehension, 55% of the variance for oral expression, and 47% of the variance for oral composite scores.
DISCUSSION
In this study, we evaluated the potential educational and speech-language impact of UHL using sibling controls to minimize the family (including genetic), parental, and socioeconomic factors that potentially influence these scores. Despite this rigorous control, children with UHL trended toward lower mean vocabulary, verbal sum, and full-scale IQ scores. They also had lower mean oral language scores, consistent with an earlier report of a subgroup of this study population (16) . These effects were robust to multivariable analysis, showing that UHL remains an independent predictor of cognitive and language scores even when other covariates are accounted for. However, achievement scores in reading, writing, and math were not different between the 2 groups.
As expected, children with UHL demonstrated poorer WRSs in quiet in their affected ear, as well as more difficulty with word recognition in the midst of noise. This finding is consistent with earlier studies and is generally considered to be the source of listening difficulty within a noisy classroom. Incidental learning, or opportunities to overhear information from diverse sources, is more limited for children with hearing loss, including UHL. The decrease in incidental learning may result in impoverished vocabulary, language rule formation, and generalized knowledge about the surrounding environment. The audiologic consequences of UHL are compounded in children because speech perception is known to undergo maturation through adolescence (32) . Other auditory skills, such as intensity discrimination and temporal resolution, develop before maturation of speech perception and reorganize periodically to form the efficient pathways of adult speech perception (32, 33) . Noise levels that interfere minimally with speech perception in adults can interfere substantially in the speech perception of children. Thus, children require significantly greater SNRs to understand speech than adults (8, 34, 35) . Even children with NH make more errors with speech recognition in the presence of classroom noise compared to quiet conditions. Children with UHL may seem to be inattentive or even unresponsive to teachers because they require relatively higher SNRs to comprehend instructions, commands, or questions than NH peers. Language deficits that result can interfere with reading and writing and thus can have a negative impact on literacy. However, this finding provides a potential avenue for intervention, if WRSs can be improved by training. All of these difficulties have been observed in children with mildto-moderate bilateral hearing losses (36) .
Contrary to prior studies that noted differences between children with right and left UHL (1,23,35), we did not find any right or left ear differences on cognitive, achievement, or language outcomes. Similarly, we did not find differences between children with right or left UHL in WRS in the setting of background noise. When severity of the UHL was examined as possible predictor, only the oral expression and oral composite language scores were affected by severity. Although this result is similar to the suggestion of poorer outcomes in children with profound UHL reported by Bess and Tharpe (1), severity of UHL explained only 6% of the variation in both language scores. In contrast, maternal educational level and family income, variables that evaluate socioeconomic status, were highly associated with nearly all of the standardized scores measured in this cohort. Notably, maternal educational level explained 15% of the variance in full-scale IQ scores and 13% of the variance of oral expression language scores. These results are consistent with the findings that disparities in socioeconomic status influence cognitive and language development in children (26) .
Limitations of this study include the single time point assessment and the limited age range of the study population. We do not know whether vocabulary, language, and IQ deficits in this age group will continue into adolescence and adulthood and whether they might affect rates of postsecondary education or occupational choices. There is also a possibility that use of FM systems or hearing aids may have affected outcomes in those who used them. However, only a minority of the study population ever used any amplification, and even fewer continued to use amplification of any kind.
In summary, children with UHL had worse language scores than their siblings with NH with trends toward worse cognitive scores. Children with profound UHL tended to have worse outcomes than children with NH or less severe UHL. However, there were no differences in outcomes between children with right or left UHL.
